To compare information on drug-drug interactions (DDIs) repor ted on two standard drug-related information sources (Summary of Product Characteristics and Drugdex system by Micromedex), by assessing the prevalence and predictors of potential DDI with proton pump inhibitors (PPIs) in general practice.
Introduction
Symptoms related to gastrointestinal diseases are a common reason for consultation and referrals in general practice. Every year, from 20% to 40% of outpatients visit a general practitioner, at least once, because of dyspepsia or gastroesophageal reflux disease (GERD) [1, 2] .
The most effective treatment strategy for these symp-toms in primary care is reduction of gastric acid secretion, which can be achieved by using H 2 -receptor antagonists or proton-pump inhibitors (PPIs) [3] . Indeed, randomized, controlled clinical trials have shown that PPIs are highly effective and relatively safe in treating acid-related upper gastrointestinal diseases, including GERD, gastroduodenal ulcer and gastroduodenitis [4] [5] [6] .
All PPI medications are extensively metabolized in the liver via CYP3A4 and CYP2C19. As a consequence, PPIs might interact with drugs sharing the same metabolic pathway [7] .
Although no significant differences have been shown in the metabolism of the different PPIs, pantoprazole is claimed to have a lower potential for drug-drug interactions (DDIs) than other proton pump inhibitors [8, 9] . Furthermore, it is well known that all PPIs might alter the degree of absorption of certain medications through modifying intragastric pH [10] .
The Summary of Product Characteristics (SPCs) is the primary source of information about DDIs for health care professionals. However, potential drug-drug interactions cannot be listed exhaustively, since the space in the SPC is limited. As a result, information on potential DDIs might be insufficiently described on SPC in comparison with other standard drug-related information sources, based on current evidence from the literature [11] , such as the Drugdex System (Thomson Micromedex, Greenwood Village, Colo) [12] .
The aim of this study was to compare the estimate of prevalence and predictors of potential drug-drug interactions with PPI, according to the risk reported on two different standard information sources: Italian SPC of PPIs and the Drugdex system.
Methods

Data source
Data were obtained from the Arianna Database, which was set up by the 'Caserta 1' Local Health-Service in the year 2000, with the aim to perform studies on drugutilization. Briefly, the Arianna Database currently contains information about a population of almost 300 000 individuals living in a city (Caserta) in the Campania region and registered on the lists of 225 general practitioners (GPs) and 18 family paediatricians. Such a sample of physicians represents 69.4% (243/350) of total GPs and family paediatricians who practice in the same area, as described in a previous study [13] .
The participating GPs record data during their daily clinical practice through dedicated software and send monthly complete, but anonymous, clinical data concerning their patients to the Arianna Database. Informa-tion collected include patients' demographics, drug prescriptions, coded according to the Anatomical Therapeutic Chemical classification system (ATC), and medical diagnoses (linked to any recorded prescription), coded by the ninth edition of International Classification of Diseases (ICD-9).
Data are submitted monthly to a number of checks to verify completeness rate by analyzing several parameters, such as the number of daily filled prescriptions and the proportion correctly linked to medical diagnosis. Any variation within defined ranges is investigated and submitted to each participating GP, in order to receive an immediate feedback about data quality and information completeness. GPs who fail to meet standard quality criteria are not taken into account for pharmacoepidemiological studies [14] .
Study population
Among 225 GPs participating in the Arianna database, 156 (69.3%) were recruited in the study, since 69 GPs did not meet standard quality criteria. On the other hand, we decided to exclude all 18 family paediatricians since only four FPs met standard quality criteria and these FPs provided a very low number of PPI prescriptions during the study period. GPs enrolled into the study had a patient population of 188 715 individuals > 15 years old (mean age 45.1 ± 19.1) and 1821 277 drug prescriptions recorded during the whole of 2003. Within the study sample, we first selected patients receiving at least one PPI prescription during 2003. Secondly, we identified PPI users who were simultaneously (i.e. at the same date) prescribed with potentially interacting medications, thus defined as patients at interaction risk.
Outcome definition
Only exposure to PPIs and potentially interacting medications was considered, while no clinical outcomes were evaluated.
PPIs included in the study were omeprazole (ATC: A02BC01), pantoprazole (A02BC02), lansoprazole (A02BC03), rabeprazole (A02BC04) and esomeprazole (A02BC05).
We selected as drugs at interaction risk with each PPI, those listed in the Italian SPC of PPIs or in the Drugdex System ( Table 1 ). The Drugdex System (developed by Micromedex) is a standard information source based on current evidence from the literature that provides unbiased information on drug-drug interactions, their effects, and clinical significance [12, 15] . This information is drug-specific rather than class-specific. Therefore, it helps more accurately to interpret interaction data. This system provides independently reviewed data gathered from the major drug centres and pharmacology services worldwide [15] .
Since GPs register into the Caserta database only prescriptions of drugs reimbursed by the Italian Health National System, we took out from our analysis those medications charged to citizens, such as benzodiazepines. Moreover, we ruled out medications listed in Drugdex system, but never marketed in Italy.
Statistical analysis
At first, we used the chi-square test for categorical variables and Student's t -test for continuous variables, in order to compare demographic and clinical characteristics of different PPI users and the proportion exposed to a risk of interaction, on the basis of both SPC and Drugdex.
A logistic regression analysis was carried out to identify any covariate independently associated with an increased risk to receive co-prescription of medications potentially interacting with PPI, according to the two different standard information sources. We took into account, as potential confounders, patient's age and sex, PPI type, indication of use, number of PPI and other drug prescriptions per month prior to the index date. Index date was defined as the date of co-prescription at interaction risk, or the date of the last PPI prescription for patients not exposed to interaction risk during the study period.
As a consequence of drug-drug interactions, certain medications (i.e. digoxin, warfarin and cyclosporin) are particularly associated with the risk of clinically severe outcomes, whether or not they are co-prescribed with some of the PPIs. Therefore, we explored the distribution of concomitant prescriptions of digoxin, warfarin and cyclosporin to evaluate whether co-prescriptions of these medications were differently distributed among PPI users ( Figure 1 ).
Thereafter, an agreement analysis was performed to evaluate the concordance on information about drugdrug interactions from the two leading drug-related information sources. Weighted Cohen's kappa [16] was subsequently computed to correct for the degree of disagreement. According to Landis & Koch [17] , the K -value was categorized as fair (0.2-0.4), moderate (0.4-0.6), good (0.6-0.8), and very good (0.8-1). Furthermore, a z -test was performed to reject the null hypothesis that no significant agreement exists between the two information sources. Marginal homogeneity was evaluated by the Maxwell test for disagreement.
Finally, a logistic regression was performed to describe relationships between the disagreement of the information sources, considered as event, and predictor variables. Age was put into the model categorized by quintiles ( < 42, 42-54, 54-64, 64-74, > 74 years). Pearson chi-square goodness of fit and deviance goodness of fit were performed for model analysis.
A two-sided P value of < 0.05 was considered as statistically significant in all analyses which were carried out.
StatsDirect Statistical Software (ver. 2.5.5 -Stats-Direct Ltd.) was used to perform all the statistical analyses.
Results
Overall, 188 715 subjects older than 15 years were included in the study. Among these, 10 648 patients (5.6%) received at least one PPI prescription during 2003. Characteristics of PPI users are described in Table 2 . GERD and gastro-duodenal ulcer were the main indications of use for PPIs. Most of patients received from one to five PPI prescriptions during the study period, even though almost 10% of PPI users had more than 10 prescriptions within a 1 year follow-up. Among PPI users, 324 (3.0%) and 958 (9.0%) were concomitantly prescribed with medications potentially interacting with PPIs, according to the risk described in SPC and Drugdex, respectively.
As regards to different PPIs, the most prescribed drug was omeprazole, followed by lansoprazole and esomeprazole which has been marketed in Italy since 2002.
Some variations concerning the characteristics of different PPI users are highlighted in Table 2 . Users of omeprazole are significantly older than users of other PPIs and they are treated mostly because of gastroduodenal ulcer. On the contrary, esomeprazole and rabeprazole are significantly prescribed more to younger people who are affected by GERD. Lansoprazole and omeprazole, the only PPIs approved for gastroprotection in Italy, were significantly more prescribed than other medications for this indication.
According to the SPC, the highest proportion of patients at interaction risk is reported for omeprazole users (5.1%) while it is for lansoprazole users (13.5%), when Drugdex information is taken into account. On the other hand, patients treated with pantoprazole seem to be less exposed to co-prescriptions at interaction risk compared with other PPI users, independently of the information source that was used.
Risk distribution in GPs and patients
During the study period, 150 (96.2%) out of 156 GPs filled in total 2024 co-prescriptions for PPIs and medications potentially interacting with PPIs, according to the risk described on Drugdex. On average, 6.4 patients per GP (median value 5, range 1-18), received this coprescription at interaction risk, once at least. Users of PPIs took a medium number of 2.1 potentially interacting co-prescriptions (median value 1, range 1-15) on the basis of the Drugdex source.
Taking into account the SPC, 122 GPs (78.2%) filled a total of 514 co-prescriptions for PPIs and other medications at interaction risk. On average, 2.7 patients per GP (median value 2, range 1-9) received this potential drug-drug interaction. In particular, 324 PPI users received a medium number of 1.6 co-prescriptions at interaction risk (median value 1, range 1-8) during the whole of 2003.
Predictors of concomitant prescription at interaction risk
Variables associated with an increased probability to receive co-prescriptions at interaction risk, according to both SPC and Drugdex, are shown in Table 3 . 
% of total
After adjusting for a number of potential confounders, PPI users older than 60 years seem to be associated with a significantly increased risk to receive simultaneously medications at interaction risk with PPIs compared with younger people, but only considering Drugdex information. According to both SPC and Drugdex, a lower risk of receiving potentially interacting coprescriptions is reported for patients treated with PPIs because of GERD in comparison with those treated with PPIs for other indications. Considering exclusively SPC information, patients taking PPIs as gastroprotection therapy were less likely to be exposed to potential interaction risk compared with PPI users with GERD.
Omeprazole users appear to be associated with a higher likelihood to concomitantly receive potentially interacting medications, than users of other PPIs. In particular, pantoprazole users have a 64% and 98% risk reduction compared with omeprazole users, when taking into account Drugdex and SPC, respectively. Interestingly, in comparison with omeprazole users, the risk to receive potentially interacting co-prescriptions for lansoprazole users completely changes when information from SPC (OR 0.55, 95% CI 0.39, 0.76) or Drugdex (OR 1.36, 95% CI 1.16, 1.61) are considered.
The higher the monthly number of PPI and other drug prescriptions taken by PPI users prior to the potentially interacting co-prescription date, the higher is the risk to be exposed to potential DDIs.
Distribution of co-prescriptions at interaction risk within users of different PPI
Among different types of PPI, omeprazole ( n = 1012) accounts for half of the co-prescriptions at interaction risk, on the basis of Drugdex. Digoxin (525), warfarin (122) and iron (143) are the medications mostly involved in potential drug-drug interactions with omeprazole, and, in general, with all PPIs. In Figure 1 , the distribution of co-prescriptions of certain medications potentially interacting with PPIs and associated with clinically relevant outcomes is shown. Seventy % of co-prescriptions of cyclosporin were given to users of omeprazole, although the interaction risk with cyclosporin is described only for omeprazole in Drugdex.
Concerning co-prescriptions of warfarin and digoxin with PPI, prescriptions of pantoprazole account only for approximately 10% of total PPI co-prescriptions.
Agreement analysis
A number of analyses were carried out to assess the agreement on drug-drug interactions as reported in the Italian SPC of PPIs and the Drugdex system. We calculated a weighted kappa of 0.23 (95% CI 0.21, 0.25) indicating a significantly poor agreement between the SPC and Drugdex ( P < 0.0001). The Maxwell test also confirmed the occurrence of significant disagreement ( P < 0.0001) between the two drugrelated information sources under consideration.
Use of omeprazole (OR 3.0; 95% CI 2.5, 3.6) and lansoprazole (OR 2.8, 95% CI 2.3, 3.3) and age (categorized by quintiles) of PPI users (OR 1.4, 95% CI 1.3, 1.5) were independent predictors of disagreement in identifying interaction risk with PPIs between the two standard information sources (data not shown).
Discussion
In this cross-sectional study, we found that the 3.0% of PPI users were exposed to potential drug-drug interactions within 1 year of follow-up, according to the risk described in the Italian Summary of Product Characteristics of PPIs. On the other hand, this proportion was three-fold higher (9.0%) when information about drugdrug interaction risk with PPIs, reported on Drugdex, was considered. In particular, the highest proportion of patients at potential interaction risk was reported for omeprazole users (5.1%) on the basis of SPC, while for lansoprazole users (13.5%), according to Drugdex. These data seem to be in contrast with the results achieved from a prior study performed in a US community setting [18] , which reported of 9.9% of patients at interaction risk for omeprazole users compared with 0.3% for lansoprazole users. A different time window for exposure to interaction risk and different drugs considered as potentially interacting with PPIs might be plausible explanations for such a divergence between the two studies.
Our results are in line with a recently published review about PPIs [6] where it was reported that omeprazole and lansoprazole had a greater potential for drug-drug interactions than other PPIs. Among all PPI medications, pantoprazole was strikingly the least likely to cause an interaction risk, in comparison with omeprazole (on the basis of Drugdex: OR 0.36, 95% CI 0.26, 0.48; on the basis of SPC: OR 0.02, 95% CI 0.01, 0.11). This finding is strongly supported by scientific evidence suggesting that pantoprazole lacks the cytochrome P450 interaction with concomitantly administered drugs and, as a consequence, it has the lowest potential for interactions with other drugs, among all PPIs [19] [20] [21] . This difference might be particularly relevant when medications for the treatment of acid-related diseases in older patients receiving polypharmacy are chosen [22] .
Interestingly, in addition to the estimate of prevalence of potential drug-drug interactions, the predictors of coprescribing medications at interaction risk with PPI change as well in our analysis, when taking into account the interaction risk described in the two considered information sources. Indeed, advanced age and monthly number of other drug prescriptions, taken by PPI users, appear to be factors strongly associated with the risk of receiving co-prescriptions at potential interaction risk with PPIs during 1-year of follow-up, but only according to Drugdex information. In line with our results, a recent study performed in an Asiatic outpatient setting highlighted that the rate of DDIs increased with the number of drugs prescribed and with the patient's age [23] .
Another finding of our analysis was that digoxin, warfarin and iron were the medications mainly involved in the potential DDIs during therapy with PPIs. Apart from pantoprazole, an increased risk of digoxin toxicity (nausea, vomiting, arrhythmias) is well documented, when digoxin is co-prescribed with all PPIs [24] [25] [26] [27] . Concerning warfarin-PPI interaction, a UK retrospective study [28] reports omeprazole and lansoprazole as being increasingly used with anticoagulants in general practice, despite the Association of the British Pharmaceutical Industry alerts about the risk of interaction between these PPIs and warfarin. A recently published review suggests prescribing omeprazole in warfarinized patients should be avoided, on the basis of consistent reports of an omeprazole-warfarin interaction [29] .
Furthermore, our analysis showed that omeprazole accounted for approximately 70% of concomitant prescriptions of PPIs with cyclosporin, although the risk of potential interaction with this immunosuppressant drug is described on Drugdex only for omeprazole among PPI medications, and it is classified as moderately severe [30] . Conversely, no mention about this potential DDI is reported on the Italian SPC of omeprazole.
Even if most of the co-prescriptions at potential interaction risk might be associated with moderately harmful adverse events, it is essential, to ensure patient safety, to prevent the use of medications associated with clinically relevant DDI risk. Computerized drug interaction alerts and screening of prescriptions by community pharmacists might be two important safety nets to prevent co-prescribing at interaction risk in primary care [31] .
At the moment, the current information on DDI with PPIs to general practitioners appears to be inconsistent, incomplete and probably unreliable, in some cases reflecting scientific uncertainty and lack of documentation [32] . As a first step, an attempt should be made to achieve a general agreement among different drugrelated information sources on the actual risk of clinically relevant drug-drug interactions, explicitly associated with any drug combinations. Our study highlights this need, as a very low agreement was shown between two standard drug-related information sources, in line with previously published papers [33] [34] .
The critical issue is how to provide general practitioners with knowledge on drug-drug interactions, with the aim of reducing clinically relevant DDIs. Strategy interventions should be planned by local health authorities to supply general practitioners with such information.
Several previous studies [11, 15, 35] carried out in primary care have confirmed the validity of Drugdex in providing information on potential drug-drug interactions. In particular, the severity of potential DDIs is classified as minor, moderate and major on the basis of how clinically relevant an interaction might be. Interaction of any severity might potentially be adverse, as the effect of an interaction is not predictable in all patients. Nevertheless, Drugdex appears to be an incomplete information source for commonly prescribed drug pairs and therefore additional sources might help to complete and evaluate information on drug interactions [36] .
To our knowledge, this is the first population-based study to compare the estimated prevalence and predictors of potential DDIs with any PPI in general practice by using two different information sources.
A number of limitations of the study, however, warrant cautions. We defined as patients at interaction risk, those PPI users receiving medications potentially interacting with PPI at the same date. This methodology did not allow us to evaluate if PPI was added to a chronically used medication at interaction risk or vice versa . On the other hand, this procedure may underestimate the real prevalence since the ideal analysis would consider the overlapping of time windows of different pharmacological therapies. Nevertheless, a similar study [13] on statin-macrolide interaction risk, previously carried out through the same database, highlighted such a procedure as being reliable for estimate of potential DDI prevalence.
The Arianna database contains only prescription data of medications that are reimbursed by the Italian National Health system. As a consequence, we were not able to evaluate the extent of self-medications and drugs charged to citizens on the prevalence of potential DDIs with PPIs in these general practices of Southern Italy.
Moreover, we used outpatient prescription data and we had no information whether the concomitant prescriptions at interaction risk were actually filled and taken.
However, the purpose of this study was to assess GPs' prescribing appropriateness, in relation to interaction risk with PPIs as described by different standard information sources. We did not evaluate any clinical out-come as a result of potential drug-drug interaction and, consequently, from this point of view, the study results should be interpreted carefully.
Another clinically relevant issue should be underlined. For drugs that undergo polymorphic enzyme metabolism, such as omeprazole, lansoprazole, esomeprazole by CYP2C19, genetic makeup is an important determinant of the degree of the interaction [37] . The normal drug interaction sources such as the SPC and Drugdex make generalizations about interacting drugs that might influence their predictive value of DDIs. Therefore, a critical evaluation of these data from a clinical point of view, also taking into account pharmacogenetic features, might be helpful. Nevertheless, this drug-utilization study provides important insights into the global risk of potential DDIs with PPIs in the general population.
In conclusion, potential DDIs during therapy with PPIs are a common health issue in these general practices of Southern Italy. However, the estimate of prevalence and predictors of such a potential interaction risk significantly changes when different drug information sources are considered. As regards to medications potentially interacting with PPIs, there seems to be a relevant discrepancy between the Italian Summary of Product Characteristics of PPIs and the Drugdex system.
Further investigations should be targeted to evaluate whether significant disagreement in identifying potential DDI risk exists between different standard information sources for other commonly prescribed drug pairs. Information on drug-drug interactions derived from different standard sources should be made homogeneous and should be constantly updated on the basis of current evidence from the literature. The National Health system should urgently plan a strategy intervention to keep physicians adequately aware of potential drug-drug interactions, with particular regard to widely used medications.
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